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(54) PRODUCTION OF ALDOL COMPOUND 

(57)Abstract: _ ( 

PURPOSE: To obtain the subject compound useful as an | 
intermediate for pharmaceuticals, agrichcmicals, etc., in R" - s i - 0 R " 

a state to enable easy reuse of catalyst by reacting a silyl I \ X 

cnol ether with a carbonyl compound in the presence of = C ^ 

a lanthanoid catalyst. s . r » 

CONSTITUTION: The objective compound of formula 
III (Z is H or SiR4R5R6) can be produced by reacting a 
compound of formula I (Rl is H, alkyl, alkenyl, aryl or ° 
thio; R2 and R3 are H, halogen, nitro, cyano, alkyl, etc.; R , _ j5 _ R , 

R4 to R6 are H, alkyl, alkoxy or aryl) with a compound 
of formula II (R7 and R8 arc H, alkyl, acyl, alkenyl. etc.) 
in the presence of a compound of the formula Ln(OS02 
Rf)3 (Ln is lanthanoid; Rf is perfluoroalkyl or 
perfluoroalkoxy) in a protonic solvent (e.g. water- 
ethanol) at 0-150°C. A highly selective aldol 
condensation reaction can be applied to a wide variety of 
carbonyl compounds including formaldehyde and the 
used catalyst can easily be recovered and reused. 



CLAIMS 

[Claim(s)] 

[Claim 1]A following general formula (1) 
[Formula 1] 
R 4 
I 

R 1 - Si-0 R 3 

I \ / 

R 6 C = C 

/ \ 
R 1 R 2 ( 1 ) 

however, the inside of a formula and R 1 - a hydrogen atom, an alkyl group, and an alkenyl 
group. Are an aryl group or a thio group, and R 2 and R 3 A hydrogen atom, A halogen atom, a 
nitro group, a cyano group, an alkyl group, an alkenyl group, an aryl group, It is an alkoxy group, 
an acyloxy group, an oxycarbonyl group, or an aminocarbonyl group, and R 1 , R 2 or R 2 , and R 3 
are united, and may form a part of cyclic structure. R 4 , R 5 , and R 6 And a hydrogen atom, an alkyl 
group, are an alkoxy group or an aryl group, and any two and Si of these R 4 , R 5 , and R 6 are 
united — cyclic structure -- it may form — the silyl enol ether expressed and a following general 
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formula (2) 
[Formula 2] 



O 
II 

R 7 - C - R " 



( 2 ) 



It is a following general formula (3) about the carbonyl compound expressed with (however, are 
a hydrogen atom, an alkyl group, an acyl group, an alkenyl group, or an aryl group, these R 7 and 
R 8 are united, and R 7 and R 8 may form a part of cyclic structure among a formula). 
Ln(OS0 2 Rp 3 (3) 

The following general formula (4) making it react under existence of the lanthanoid series 
catalyst expressed with (however, the inside of a formula and Ln are lanthanoids atoms, and Rf is 
a perfluoro-alkyl group or a perfluoro-alkoxy group) 
[Formula 3] 



(However, Z is a hydrogen atom or a -SiR 4 R 5 R 6 group among a formula.) and R 1 , R 2 , R 3 , R 4 , R 5 , 
R 6 , R 7 , and R 8 ~ the above ~ it is the same ~ the manufacturing method of an aldol compound 
with which it is expressed. 

[Claim 2]A manufacturing method of the aldol compound according to claim 1 reacting under 
protic solvent coexistence. 

[Claim 3] A manufacturing method of the aldol compound according to claim 1 or 2 
characterized by carrying out a reuse as a reaction catalyst without collecting as solution 
lanthanoid series catalysts used as a catalyst after ending reaction, isolating or isolating this 
catalyst from this collected solution. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 



[Industrial ApplicationJThis invention relates to the new manufacturing method of an aldol 
compound useful as synthetic intermediate, such as medicine and agricultural chemicals. 



[Description of the Prior Art] About the manufacturing method of the aldol compound, what is 
called aldol condensation that makes two kinds of carbonyl compounds react under the catalyst 
of acid or a base is known. [For example, refer to H.O.House"Modern Synthetic Reactions"2nd. 
and W.A.Benjamin and California (1972).] . 

[0003]This aldol condensation as a method of advancing a high selection target in recent years, 
One carbonyl compound is once changed into silyl enol ether, the method to which this and the 
carbonyl compound of another side are made to react by the Lewes acid catalyst is developed, 
and various kinds of optically active substances are stereoselectively compounded as the 
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application. [aT.Mukaiyama, KNarasaka, KBanno, Chem.Lett., plOl l(1973);bT.Mukaiyama, 
KBanno, KNarasaka, J.Am.Chem.Soc, 96, p7503. (1974);cS.Kobayashi, H.Uchino, Y.Fujishita, 
I.Shiina, T.Mukaiyama, J.Am.Chem.Soc, 113 , p4247 (1991)] .Although the method of going via 
this silyl enol ether uses the Lewes acid catalyst, if a protic solvent like water or alcohol lives 
together, the Lewis acid known conventionally will react to this, and will lose that catalyst 
ability. Therefore, it becomes indispensable to perform a reaction in a non-solvent or an aprotic 
solvent. For this reason, in the non-solvent or the aprotic solvent, application of this method was 
difficult to the unstable carbonyl compound like formaldehyde. 

[0004]In this method, after ending reaction, in order to separate a resultant and the Lewes acid 
catalyst, the reaction mixture is usually processed with water. That is, the Lewes acid catalyst 
was made to react to water, and it has changed and separated into water soluble matter. However, 
it was dramatically difficult to reproduce the Lewes acid catalyst from this water soluble matter, 
and also when discarding, the cleanup cost increased, and methods for manufacturing in large 
quantities industrially included the difficulty. 
[0005] 

[Problem(s) to be Solved by the InventionjThen, the result of having repeated research 
wholeheartedly this invention person solving various problems in the manufacturing method of 
this conventional aldol compound, It found out becoming a good catalyst at the time of a certain 
kind of lanthanoid series compound making silyl cnol ether and a carbonyl compound react, and 
manufacturing an aldol compound, and this invention was completed. That is, the purpose of this 
invention is to provide the manufacturing method of a new aldol compound without a problem [ 
as / in the conventional method mentioned above ]. The purpose of this invention is to provide 
the manufacturing method of the aldol compound which can collect easily the catalysts which 
could be applied also to the unstable carbonyl compound in the non-solvent or the aprotic 
solvent, and were used, for example like formaldehyde, and can carry out a reuse. 
[0006] 

[Means for Solving the Problem]This invention is a following general formula (1). 
[Formula 4] 

R 4 

I 

R 6 - S 1 - O R 3 

I \ / 

R 6 C = C 

/ \ 

R 1 R 8 CI) 

however, the inside of a formula and R 1 — a hydrogen atom, an alkyl group, and an alkenyl 
group. Are an aryl group or a thio group, and R 2 and R 3 A hydrogen atom, A halogen atom, a 
nitro group, a cyano group, an alkyl group, an alkenyl group, an aryl group, It is an alkoxy group, 
an acyloxy group, an oxycarbonyl group, or an aminocarbonyl group, and R 1 , R 2 or R 2 , and R 3 
are united, and may form a part of cyclic structure. R 4 , R 5 , and R 6 And a hydrogen atom, an alkyl 
group, are an alkoxy group or an aryl group, and any two and Si of these R 4 , R 5 , and R 6 are 
united - cyclic structure - it may form - the silyl enol ether expressed and a following general 
formula (2) 
[Formula 5] 
O 

R 7 - C — R s ( 2 ) 
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It is a following general formula (3) about the carbonyl compound expressed with (however, are 
a hydrogen atom, an alkyl group, an acyl group, an alkenyl group, or an aryl group, these R 7 and 
R 8 are united, and R 7 and R 8 may form a part of cyclic structure among a formula). 
Ln(OS0 2 Rf) 3 (3) 

The following general formula (4) made to react under existence of the lanthanoid series catalyst 
expressed with (however, the inside of a formula and Ln are lanthanoids atoms, and Rf is a 
perfluoro-alkyl group or a perfluoro-alkoxy group) 
[Formula 6] 



(However, Z is a hydrogen atom or a -SiR 4 R 5 R 6 group among a formula.) and R 1 , R 2 , R 3 , R 4 , R 5 , 
R 6 , R 7 , and R 8 — the above — it is the same — it is a manufacturing method of an aldol compound 
with which it is expressed. 

[0007]This invention is a manufacturing method of an aldol compound which performs a 
reaction of silyl enol ether (1) and a carbonyl compound (2) under protic solvent coexistence. In 
a method of this invention making aforementioned silyl enol ether (1) and a carbonyl compound 
(2) reacting under existence of a lanthanoid series catalyst (3), and manufacturing an aldol 
compound (4), It is a manufacturing method of an aldol compound which carries out a reuse as a 
reaction catalyst, without collecting lanthanoid series catalysts (3) as solution after ending 
reaction, isolating or isolating this catalyst from this solution. 

[0008]In the above-mentioned general formula (1), (2), and (4), R 1 , R 2 , As an alkyl group used 
as R 3 , R 4 , R 5 , R 6 , R 7 , and R 8 , Substitution or an unsubstituted methyl group, an ethyl group, a 
propyl group, a butyl group, an isobutyl group, t-butyl group, an octyl group, dodecyl, etc. can be 
illustrated extensively. As an alkenyl group used as R 1 , R 2 , R 3 , R 7 , and R 8 , substitution or an 
unsubstituted ethenyl group, a propenyl group, a butenyl group, etc. can be illustrated. As an aryl 
group used as R 1 , R 2 , R 3 , R 4 , R 5 , R 6 , R 7 , and R 8 , Substitution or an unsubstituted phenyl group, a 
tolyl group, a naphthyl group, a pyridyl group, a thienyl group, a furil group, a pyrrolyl group, 
etc. are illustrated. 

[0009]In the above-mentioned general formula (1), mentioning an alkylthio group like a 
methylthio group, an ethyl thio group, and t-butyl thio group, an aromatic thio group like a 
phenylthio group, a tolyl thio group, a naphthyl thio group, and a pyridyl thio group, etc. as a 
thio group used as R 1 cuts. R 1 , R 2 or R 2 , and R 3 , Although these are united and a part of cyclic 
structure may be formed, as such cyclic structure, substitution or an unsubstituted cyclohexene 
ring, a cyclopentene ring, a cyclohexane ring, a cyclopentane ring, a cyclohepten ring, etc. can be 
illustrated. As an alkoxy group used as R 4 , R 5 , and R 6 , a methoxy group, an ethoxy basis, a 
butoxy group, etc. can be mentioned as an example. Although any two and Si of R 4 , R 5 , and R 6 
are united and cyclic structure may be formed, as an example, silacyclo alkane ring structures, 
such as a silacyclo pentane ring and a silacyclo hexane ring, can be mentioned. 
[0010]In the above-mentioned general formula (2), as an acyl group used as R 7 and R 8 , 
substitution or an unsubstituted formyl group, An acetyl group, a propionyl group, a butyryl 
group, an isobutyryl group, a valeryl group, an acrylyl group, a methacryloyl group, a KUROTO 
noil group, a KANHO roil group, benzoyl, an attereau POIRU group, a cinnamoyl group, a 
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furoyl group, a nicotinoyl group, etc. can be illustrated to a steel plate. Although these are united 
and R 7 and R 8 may form a part of cyclic structure, as an example of the cyclic structure, 
Cycloalkane or cycloalkene rings, such as a cyclohexane ring, a cyclohexene ring, a 
cyclopentane ring, and a cyclopentene ring, can be mentioned. 

[001 l]In the above-mentioned general formula (3), as Ln, a lantern (La), cerium (Ce), Neodium 
(Nd), samarium (Sm), a europium (Eu), Lanthanoids atoms, such as GATORINIUMU (Gd), 
praseodymium (Pr), dysprosium (Dy), holmium (Ho), erbium (Er), a thulium (Tm), an ytterbium 
(Yb), and lutetium (Lu), can use it conveniently. Perfluoro-alkyl groups, for example, a thing etc. 
which make a perfluoro-alkoxy group to a side chain of polymer like Nafion resin, such as a 
trifluoromethyl group, a pentafluoroethyl group, and a nonafluorobutyl group, can be mentioned 
as an example of Rf. 

[0012]Silyl enol ether (1) shown by the above-mentioned general formula (1) is a following 
general formula (5). 
[Formula 7] 
0 
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alpha-hydronalium carbonyl compound expressed with (however, the inside of a formula, R 1 , R 2 , 

and R 3 are the same as the above), and a following general formula (6) 

XSiR 4 R 5 R 6 (6) 

It can manufacture easily by a publicly known method from a halo silane expressed with 
(however, X are a halogen atom among a formula and R 4 , R 5 , and R 6 are the same as the above). 
[For example, al.Fleming, I.Paterson, Synthesis, 1979 , p736;bH.O.House et al., J.Org.Chem., 34, 
p2324 (1969) reference] . 

[0013]An oxidation lanthanoids to which a lanthanoid series catalyst shown by a general formula 
(3) is also equivalent (L^Ch: among a formula) Ln can be easily manufactured by a publicly 
known method with it being the same as the above from perfluoro-alkane sulfonic acid (RfSC^H: 
the inside of a formula and Rf are the same as the above). [aJ.H.Forsberg et al., J.Org.Chem., 52, 
and pl017(1987);bM.-C.Almasio et al., Helv.Chim, Acta, 66, pl296 (1983) reference] . 
[00 14] When carrying out a reaction of this invention, silyl enol ether (1) and a carbonyl 
compound (2) do not usually interfere, even if **** for the amount of stoichiometries, i.e., 
equimolecular amounts, uses one side superfluously. When a compound which is especially one 
side is cheap, and a carbonyl compound (2) uses this superfluously, for example case [ like 
formaldehyde ], reaction velocity becomes quick and is preferred. 

[0015]moreover — the amount of said lanthanoid series catalyst (3) used in a reaction of this 
invention receives silyl enol ether (1) -0.1 - 200-mol% - desirable - 0.5 - 100-mol% - they are 
5 - 10-mol% more preferably. When there is less amount used than 0.1-mol%, a reaction does 
not advance substantially [ reaction velocity is slow and ], and a direction of a side reaction 
which is not liked has priority, and silyl enol ether (1) of a raw material may be consumed 
vainly. On the other hand, even if it uses a lanthanoid series catalyst (3) in large quantities 
exceeding the above-mentioned 200-mol%, it does not interfere, but since reaction velocity does 
not improve substantially, an economical advantage does not have it. 

[00 16] Although a non-solvent can also perform a reaction of this invention, it is good to carry 
out in a solvent preferably. And as a solvent to be used, any of a protic solvent and an aprotic 
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solvent may be sufficient. As an aprotic solvent, for example Dichloromethane, chloroform, 
Halogenated hydrocarbon, such as a dichloroethane, chlorobenzene, and dichlorobenzene, Ether 
system compounds, such as diethylether, a tetrahydrofuran, dimethoxyethane, and a jig lime, 
Aliphatic series or alicyclic hydrocarbon like hexane and cyclohexane, Although what is called 
aprotic polar solvents, such as aromatic hydrocarbon, such as benzene, toluene, and xylene, 
dimethylformamide, dimethylacetamide, dimethylimidazo RIJION, dimethyl sulfoxide, 
hexamethylphosphoric triamide, acetonitrile, etc. can use it extensively, An ether system 
compound and an aprotic polar solvent are preferred at a point that solubility to a raw material or 
a catalyst is high. As a protic solvent, lower alcohol, such as water, methanol, ethanol, and 
isopropyl alcohol, is preferred. These protic solvents are advantageous when performing what is 
called hydroxymethylation, using formaldehyde as said carbonyl compound (2). Water is 
especially the optimal as a solvent of this invention at a point that a reaction advances smoothly 
since it is easy to melt a lanthanoid series catalyst (3) in addition to this advantage, and a point 
that recovery of a lanthanoid series catalyst (3) and a reuse become easy like the after-mentioned. 
When using water as a solvent, it is good to use as a mixed solvent system with ethanol, a 
tetrahydrofuran, dimethylformaldehyde, etc. which can be mixed as easily [ it is desirable and ] 
as this, and, thereby, solubility's over silyl enol ether (1) improves. 

[00 17] Although reaction temperature changes also with reactional solvents and catalyst amounts 
to be used, a range of it is usually -100-150 **, and a range of it is 10-80 ** preferably 0-150 ** 
in a protic solvent. Although reaction time also changes with reaction conditions, a reaction is 
usually ended in 10 minutes - 50 hours. 

[0018]By the way, although a resultant of this invention is an aldol compound expressed with 
said general formula (4), when a non-solvent or an aprotic solvent is used, in a general formula 
(4), a compound whose Z is -SiR 4 R 5 R 6 is obtained as a main output. By processing this 
compound in a weak alkaline aqueous solution or weak acidic solution, it is hydrolyzed easily 
and Z becomes a compound which is a hydrogen atom in a general formula (4). When a 
reactional solvent is a protic solvent, a compound whose Z is hydrogen directly is obtained. 
[00 19] After ending reaction, although the target aldol compound (4) can be easily isolated by 
carrying out post-processing of the reaction mixture by various methods, a method shown below 
is preferred at especially a point that can collect lanthanoid series catalysts (3) easily and can 
carry out a reuse. That is, after adding water of the amount of solvents to a reaction mixture, an 
aldol compound (4) is separated from solution with a solvent extraction method etc. In particular 
when a reactional solvent is water, it is not necessary to add water. Thus, if this aldol compound 
(4) after separating an aldol compound (4) from a reaction mixture is necessary in accordance 
with a conventional method, after it will perform hydrolysis treatment further, it is refined by 
methods, such as column chromatography, distillation, and recrystallization. On the other hand, 
since it is dissolving into solution, a lanthanoid series catalyst (3) isolates as a residue by 
carrying out heating distilling off of the water, if necessary, will perform refining operation 
further and will carry out a reuse as a reaction catalyst of this invention. When reacting this 
invention in an aqueous solvent, in a reaction of this invention performed to the next as it is 
without isolating, the reuse of the lanthanoid series catalyst (3) can be carried out as a catalyst 
from this solution. 
[0020] 

[Function]It is thought that the lanthanoid series catalyst (3) used by this invention is functioning 
as what is called a Lewes acid catalyst. And unlike the case of the Lewes acid catalyst known 
conventionally, the feature is in the point which maintains activity without decomposing also in a 
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protic solvent, and the point of melting into water well. For this reason, into a protic solvent, this 
invention can be reacted suitably, if it is not among a protic solvent, it will be easy to polymerize 
by this, and it can be used as a carbonyl compound (2) also about unstable formaldehyde, and a 
good result is obtained. Since a lanthanoid series catalyst (3) melts well for not decomposing 
even if it touches water, separation with output becomes easy and catalyst reuse can be 
conjointly performed simple with a point with a reaction of this invention feasible about also in a 
protic solvent. 
[0021] 

[Example]Hereafter, based on an example, this invention is explained still in detail. 
[0022]It mixes at a room temperature under stirring of 1 ml (37% of formaldehyde and 8 to 10% 
of methanol are contained) of formaldehyde solutions and 3 ml of tetrahydrofurans of example 1 
marketing, and is a tris(trifluoromethanesulfonic acid) ytterbium to this. [Yb(OS02CF 3 ) 3 ] 0.4 
mmol/1 ml of tetrahydrofuran solutions of 0.04mmol and a 1 -phenyl- 1 -trimethylsilyloxy 1- 
propene were added one by one, and it stirred at the temperature for 24 hours. Subsequently, 
after distilling off a tetrahydrofuran under decompression, 1 0 ml of water was added and 
dichloromethane extracted (5 ml x 3 times). After rinsing the obtained extract (10mlx3) and 
drying (Na 2 S0 4 ), It condensed under decompression, column chromatography (silica gel, 
hexane-ethyl acetate) refined the residue, and 61.7 mg (94% of yield) of 3-hydroxy-2-methyl-l- 
phenyl-l-propanonc of the resultant was obtained as transparent oil. IR, NMR, MS, etc. were 
measured about the acquired resultant. A result is shown in Table 1 and 2. 
[0023]It replaces with Example 2 - a 101-phenyl-l-trimethylsilyloxy 1-propene, and various silyl 
enol ether (1) was used and was made to react like Example 1. The silyl enol ether (1) used here, 
the acquired resultant, and yield are shown in Table 1. Results, such as IR, NMR, MS, etc. which 
were measured like Example 1 about the aldol compound (4) of the acquired resultant, are shown 
in Table 2-4. 

[0024] A 1 -phenyl- 1 -trimethylsilyloxy 1-propene is used as 1 1 to example 20 silyl enol ether (1), 
as opposed to this silyl enol ether (1) — Yb(OS02CF 3 ) 3 or other lanthanoid series catalysts (3) of 
various kinds of — respectively — 100-mol% ~ it was used and was made to react like Example 1 
The kind of lanthanoid series catalyst (3) used here and the obtained yield of the aldol compound 
(4) of a resultant are shown in Table 5. 

[0025]It reacted completely like the above-mentioned Examples 1 1-20 except having carried out 
21 to example 30 reaction time in 1 hour. The yield of the aldol compound (4) of the resultant at 
this time is shown in Table 6. 

[0026]It reacted completely like the above-mentioned Examples 1 1-20 except having carried out 
31 to example 40 catalyst amount, and having made reaction time into 36 hours 20-mol%. The 
yield of the aldol compound (4) of the resultant at this time is shown in Table 7. 
[0027]Yb(OSO2CF 3 ) 3 is used as Example 41 - a 43 lanthanoid-series catalyst (3), It reacted 
completely like the above-mentioned Example 1 except having made the amount of 
Yb(OS02CF 3 ) 3 used to a 1 -phenyl- 1 -trimethylsilyloxy 1-propene into 5-mol% and l-mol% 10- 
mol%, respectively. The yield of the aldol compound (4) of the resultant at this time is written 
together to Table 7. 

[0028]In the reaction of example 44 Example 1, vacuum concentration of 10 ml of the solution 
after dichloromethane extracts a reaction mixture was carried out. 1 ml of commercial 
formaldehyde and a mixture with 3 ml of tetrahydrofurans were added to the residue, and also 
0.4 mmol/1 ml of tetrahydrofuran solutions of the 1 -phenyl- 1 -trimethylsilyloxy 1-propene were 
added, and it was made to react under stirring at a room temperature for 24 hours. The same 
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post-processing as Example 1 was performed after ending reaction, and 59.7 mg (91% of yield) 
of 3 -hydroxy-2-methyl-l -phenyl- 1 -propane was obtained. Under the present circumstances, 1 ml 
of solution after dichloromethane extracts a reaction mixture is used as a catalyst of the reaction 
of formaldehyde and a 1 -phenyl- 1-trimethylsilyloxy 1-propene by the again same operation as 
the above, The same reaction as the above was performed, and also 61 .0 mg (93% of yield) of 3- 
hydroxy-2-methyl-l -phenyl- 1-propanone was obtained. 

[0029]In example 45 Example 1, replace with 1 ml of formaldehyde solutions, and a mixture 
with 3 ml of tetrahydrofurans, and (E)-2-hexanal 0.4mmol, 3 ml of tetrahydrofurans, and the 
mixture of 1 ml of water are used, Replaced with the 1 -phenyl- 1-trimethylsilyloxy 1-propene, 
used the 1-trimethylsilyloxy 1-cyclohexene, it was made to react at a room temperature for 19 
hours, same post-processing, separation, and refining were performed, and the aldol compound 
(4) of the resultant was obtained. Results, such as IR, NMR, MS, etc. which were measured like 
Example 1 about the acquired resultant, are shown in Table 4. The kind of silyl enol ether (1) and 
carbonyl compound (2), reaction time, and yield which were used for the reaction are shown in 
Table 8. 

[0030]It replaces with 1 ml of formaldehyde solutions, and a mixture with 3 ml of 
tetrahydrofurans in 46 to example 48 Example 1, Used acrolein 0.4mmol, acetaldehyde 
0.4mmol, or chloroacetaldehyde 0.4mmol, it was made to react similarly, and the aldol 
compound (4) of the resultant was obtained. Results, such as IR, NMR, MS, etc. which were 
measured like Example 1 about the acquired resultant, are shown in Table 4. The kind of silyl 
enol ether (1) and carbonyl compound (2), reaction time, and yield which were used for the 
reaction are shown in Table 8. 
[0031] 
[Table 1] 
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IR(aeat>: 3420, 1B74CB" 1 ; 

1 H HH(CDCI.) : L. 24 (d, 8H, J*7. 6Ha) , 2. 38(br«, 1H) , 
3.B8-4. 62<n,3H), 7.45-7. 62 <n, 3H), 7. 95-7.98(01.2 



IRfneal): 3420. 1730cn-'; 

'H MKCDCI.) <J : L.0B(t,3B, J=7.3Bz>. 1, lSU, 2H, J = 
7.3H«), 2.40-2. 68(11, 3H), 2. 72-2. 83 [a, 1H), 3.66 

(d<t, ;=n. o, 5. 3Hi) .: 3. 75(11*. j=u. 0. s. sho 



IKneal) : 3420, 1674CII- 1 ; 

>H NMR(CDCI,) <5 : 2. 73 (brs. 1H) . 3. 23Ct. J=5. 3HO, 4 
.04(1, J = 5.3HI). T. 44-T. 62(», 3H), 7. 95-7. 99 (n, 2H) 



Tetrahedron, 44. 6085(1988) 



Chen. fioc.LJJ^ 7422(19S0) 



Cheo. SK., 112,, 7422(1980) 



IR(neaJ): 3120, 1674CB- 1 ; 

'H NMR(CDCI,) 6: 0. 95 (d, 8K, J = 6. 6Hz> , 2. 19(4(1, 1H, J 
=7.8,6. 6Hi). 2. 19{brs, Iff), 3, 48{ddd, 1H. J-7. 6, 7. 
6,3.3H«), a. S3(dd,lH.J = 10. 9,3.3Hz), 4. 08(i4, 1H, 
J = 10.9. 7.6Hz), 7. 41-7. 59(n, 3H), 7. 94-7. 98 Cm, 2H) ; 

"C NMKCDCI.)*: 19.7. 21.4. 28.6. 54. 1, 51.3, 12 
8.4, 128.7, 1S3.3, 137.8, 205.3; 

n/i: 192.1145, calcd. for: CisH^O: 192.1148 



[0033] 

[Table 3] 
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IKoBSt): 3475, 1732, 1674e* 

'H NHR(CDC] g ) 3: 0. 9B{4, 3E. J = 6. 9Hz). 1. 25( t, 3H, J = 
t 7.4Hz), 2. 26(brs. 1H). 2. 46-2. 57(m. 1H>, Z.6Z-Z.8 
0<m,lH), 2. 89(q,2H, J=7. 4Hz). 3. 73(ddd, 1H. J-e. 8, 
4.3,4,0Hz), 3. 83(dd. IB, J = ll. 2,4.0Hz), 4.08<dd,l 
K,J = 11. 2,6.9Hz), 7.42-7.82(n,3H), 7. 98-8. 0] <«, 2 
H); 

14 C NMB(CDC1,) S : 14.8, 16.5. 23.5, 30. 8, 48. 5, 51 
.2, 60.2, 128.5, 128. 8, 133.5, 136. 7, 108.8, 20 

m/z: 280. 1130, calei. for: C, 8 H ao 0,S 280.1131 

IB(neat): 1741, 1674c«-'; 

J H NMH(CDC] S ) 3: 1. 07(d,3H, J=6. 6Hz), 2. 31(dd, 1H,J 
= 16. 8, 8. 3Hz), 2.58-2. 74 (n, 1H>. 2. 88(dd, 1H, / = 1 6 . 
8,7.6Hz), 3.63<ddd,lH,J=8.6,8.1.5.SHz), 4.36{dd 
. 1H, J = ll. 5. 9. 6Hz), 4.49<dd. 1H.J-11. 5,5. 3Hz), 7. 
4fl-7.S7(m.3H), 7. 95-7. 06(n, 2H) ; 

,3 C NMB(CDCla) <5 : 20. 8, 29. 6, 36.7, 47.7, 89.2, 12 
8.4, 129.1. 134.1. 136. 2. 170.6. 198.9: 

ffl/l: 218.0945. calcd. for: CisHhOj 218. D942 



IR(neat): 3460, 1734, 1687CB" 1 ; 

'H NMB<CDC1>) 5: 0. 84(s.3H>. 1. 27( t, 3H, J»7. 4Hz) , 
2. ll-2.85(n. 7H), 2 . 9 1 ( q . 2 1! . J-7.4IU), 3.39(d,lH, 
0 J = 11.2Hz), 3. 70{d, ;1H,J = 11.2H»); 

C NMB(CDC1«) <5 : 13,7, 14. 6, 23.5, 24.9, 37.2, 37 

.3, 44. 4, 52,8, 65.2, 198. 8, 222. 0; 
z: 230.0965, cilcd. for: Ci,H,,0 a S 230.0974 



IR(neat) : 1741, 1737cir' : 

'H NMB(CDC! S ) d: 1.13U.3H). 1. 57-1. 67(m, IB) , 2.2 
8-2.59(11, 5H), 2. 74-2, 83(«.1H). 3, 93 (d, 1H, J=ll. 5 
Hz), 4, 39(d, 1H, J=U. 5Hz) ; 

,3 C NMR(CDCls)d: 21,!Z, 26.4. 34.0, 36. B, 39.1, 47 
.2, 71,7, 172,1, 218.9; 

a/z: 168.0787, calcd. for: C, I!, 2 0 5 188.0785 



[0034] 

[Table 4] 
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Ifi(De»1): 3485, 1764, 1878cm 

>H NHltCDCI,) 5 : 0.84C8.3H), 1. 25(d, 3H. J = 6. 8H s > , 
1 .48(5. 9H), 2. 11-2. 22(m.2H). 2. 85-2. 45 (a. 1H) , 2 
. 53-2. 67<M, 3H), 3. Z2(d, 1H, J=9. 9Hz), 3.77(dd,lB, 
J = 10. 2,9. 9Bi) : 

,a C NMR(CDC1 0 <5 : 14.1. 17.8, 22.8, 29.5, 36.7, 41 
.1, 48.4, 49. 3, 53.6, 65.0, 205.5, 221.3; 

B/l: 272.1442, calcd. for: C.Ht.OaS 2TZ.1444 

lR(n91t): 34B5, 1734, 1678cm-' ; 

'H NIIKGICL.) 5 : 0.gB[s,3H). 1. 23(d, 3H. J = 6. 6Hz> , 

1.48<S,9H), 1. 67-1. 78<m,3H). Z. 04-Z. 48 <n, 3H) , 2 

. 84-2.92<B. 1H). 3. 76(di, IB, J=8. 9, 5. OHi), 3. B2(d 

, 1B,J=8.9H»); 
,J C NBKCDCl s ) S : 17. 7, 20.5. 24.7, 29.7, 37.4, 48 

.2, 43. 7, 49. 2, 52.5, 86. 1, 204.0, 223.9 



IR(neal): 3450, 1730cm- 1 
{ NHKCSC1,) a : 0.8-2. 
9D-4.S0(«i, 1H), 6.05-5. QQ{m,2H) 



11-. 'H NUKCSCls) S : 0. 8-2. 8 (m, 15HK 3. 10<brs, 1H) , 3. 



IR((i8*t): 3450, 1676C8T 1 ; 

'H KK»(CDC1„) 5: 1. 21-1. 27(m, 3H), 3.00[d,lH). 3.2 
2(S.1H), 3. 50-3.63(1, 1H), 4. 4 0 (d, 0. SB) , 4.60Cd, 
0. 4H), 5. 18-5. 40<n, 2H), 5. 82-5. 99(m, IB), 7.43-7 
.64(»,3H), 7, 91-7. 97(l, 2B) 



0 OH 



IKCnett) : 8450, 1676C»-' ; 

<H HUKCDCM S : 1. 21-1. 29(n, 6B), 2. 95U, 0. 46H), 
S. 18(s,0. 541). 3.38-3. 54(11,11). 4. 06-4. 29(n, IB), 
7. 44-7. 62(11, 3B). 7. 83-7. 89(B. 2H) 



IH(neit): 3418. 1676et-': 

•B Nil! (CDCi 3 ) 5: 3. 15(trs, 1H), 3. 61 (d, 0. BK>. 3.63 
(4.1.1H), 4. 13(dd, IB), 4. 25;dd,lH>, 7, 46-7, 63(n, 
3H), 7.95-S.COU, 2K) 



[0035] 
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No. 


L n ( 0 T f ) j 


(i) Kit? i m 
mm Cnoix) 


KJ6I# 
H 

Ch) 


W-* ft 

* CX) 


i i 


La CO T f ) 3 


1 0 0 


2 4 


g o 


1 2 


P r COTf ) , 


» 




9 2 


1 3 


N d COTf) a 






7 4 


1 4 


S m COTf) a 


// 


* 


0 2 


1 5 


E u ( 0 T f ) 3 




it 


9 2 


1 G 


G d { 0 T f ) , 






G 2 


1 7 


By ( 0 T f ) , 


If 


» 


8 9 


i a 


Ho ( 0 T f ) 3 






9 1 


1 9 


E r COTf) , 


II 




9 0 


2 0 


Y b COTf) i 






9 4 


(ft) Tfii-SO s CF, $m* B 

[0036] 
Table 6] 




No. 


L n COTf) a 


(DC iff 4 Ml 
$$3 CnolX) 


M 

( h ) 


r»F-* ft 

¥ CX) 


2 1 


La COTf) , 


1 0 0 


1 


2 3 


2 2 


P r C 0 T f ) , 






4 0 


2 a 


N d COTf) 3 






6 


2 4 


S m COTf) , 






5 1 


2 5 


E u COTf) 3 






2 8 


2 6 


G d COTf) 3 






2 0 


2 7 


D y COTf) , 


// 




2 0 


2 8 


Ho COTf) , 






3 8 


2 9 


E r COTf) s 






4 4 


3 0 


Y b ( 0 T f ) , 






5 



(ft) T f tt - S 0 t CF, 4gto 

[0037] 
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[Table 71 



mmm 

No. 




UJ r<- A4 ? *D Bat 

«S CnolX) 


/£. Jft l*f 


n>F-/t ft 

i=f % ® K 

* CX) . 


3 1 


La COT f ) 3 


2 0 


3 6 


8 8 


3 2 


P r COT f ) s 






8 0 


3 3 


N d C 0 T f > a 






S 9 


3 4 


S m C 0 T f ) 3 




* 


9 1 


3 5 


E u C 0 T f ) , 


* 




9 3 


3 6 


Gd C 0 T f ) , 


" 




7 9 


3 7 


D y C 0 T f ) 3 


it 




8 5 


3 8 


Ho CO T f ) i 


" 




8 6 


3 9 


E r COT f ) 3 






8 3 


4 0 


y b C 0 T f ) 3 






S 4 


4 1 




i 0 


2 4 


9 4 


4 2 




5 


2 4 


9 0 


4 3 




1 


2 4 


9 0 



(tt> sS'f, Tfti-SO, CF, 
[0038] 

[Table 81 



45 OSilfe, /\Z^CH0 0 OH 



46 OSIMe, 
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[0039]Tris(trifluoromethanesulfonic acid) ytterbium 0.04mmol is dissolved in 1.0 ml of example 
49 tetrahydrofurans, and the mixed solution of 0.5 ml of water, The solution which made 1 ml of 
tetrahydrofurans dissolve benzaldehyde 0.4mmol and 1 -phenyl- 1-trimethylsilyloxy 1-propene 
0.44mmol in this mixed solution was added at the room temperature, and was made to react 
under 20-hour stirring at the temperature. Subsequently, after distilling off a tetrahydrofuran 
under decompression, add 10 ml of water and dichloromethane extracts (5 ml x 3 times), The 
obtained extract was rinsed (10 ml x 3 times), and it dried (Na 2 SC>4), and condensed under 
decompression, column chromatography (silica gel, hexane-ethyl acetate) refined the residue, 
and the aldol compound which is a resultant was obtained with 91% of yield. IR, NMR, MS, etc. 
were measured about the acquired resultant. A result is shown in Table 9 and 1 1 . 
[0040] Various lanthanoid series catalysts which replace with Example 50-62 
tris(trifluoromethanesulfonic acid) ytterbium, and are expressed with a general formula (3) are 
used, Various carbonyl compounds which replace with benzaldehyde and are expressed with a 
general formula (2) are used, Except having used the silyl enol ether which replaces with a 1- 
phenyl- 1-trimethylsilyloxy 1-propene, and is expressed with a general formula (1), it was made 
to react like the above-mentioned Example 49, and the aldol compound of the resultant 
expressed with a general formula (4) was obtained. About the acquired resultant, IR, NMR, MS, 
etc. were measured like Example 49. A result is shown in Tables 9-13. 

[0041]Various carbonyl compounds which replace with 63 to example 64 benzaldehyde, and are 
expressed with a general formula (2) are used. The same operation as the above-mentioned 
Example 49 was performed, and it was made to react at a room temperature for 40 hours except 
having used the silyl enol ether which replaces with a 1 -phenyl- 1-trimethylsilyloxy 1-propene, 
and is expressed with a general formula (1). Then, operation of the same post-processing as 
Example 49, separation, and refining was performed, and the aldol compound of the resultant 
expressed with a general formula (4) was obtained. About the acquired resultant, IR, NMR, MS, 
etc. were measured like Example 49. A result is shown in Table 10 and 13. 
[0042]Except having replaced with 1.0 ml of tetrahydrofurans and the mixed solvent of 0.5 ml of 
water in which example 65 tris(trifluoromethanesulfonic acid) ytterbium 0.04mmol is dissolved, 
and having used 1.5 ml of tetrahydrofurans, Like the above-mentioned Example 49, each 
operation of a reaction, post-processing, separation, and refining was performed, and the aldol 
compound of the resultant expressed with a general formula (4) was obtained. A result is shown 
in Table 14. 

[0043]It replaces with 1 .0 ml of tetrahydrofurans and the mixed solvent of 0.5 ml of water in 
which Example 66 - 68 tris(trifluoromethanesulfonic acid) ytterbium 0.04mmol are dissolved, 
1.5 ml of dichloromethane, 1.5 ml of acetonitrile, or 1.5 ml of dimethylformamide is used, 
respectively, It replaces with 1 ml of tetrahydrofurans in which benzaldehyde 0.4mmol and 1- 
phenyl- 1-trimethylsilyloxy 1-propene 0.44mmol are dissolved, Except having used 1.0 ml of 
dichloromethane, 1 .0 ml of acetonitrile, or 1 .0 ml of dimethylformamide, respectively, like the 
above-mentioned Example 49, each operation of a reaction, post-processing, separation, and 
refining was performed, and the aldol compound of the resultant expressed with a general 
formula (4) was obtained. A result is shown in Table 14. 

[0044]Various lanthanoid series catalysts which replace with the tris(trifluoromethanesulfonic 
acid) ytterbium used in 69 to example 79 Example 49, and are expressed with a general formula 
(3) are used, Like Example 49, each operation of a reaction, post-processing, separation, and 
refining was performed, and the aldol compound of the resultant expressed with a general 
formula (4) was obtained. A result is shown in Table 15. 
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[0045] 
[Table 9] 


No. 








(%) 


49 




V/" CHO 


Yb(OT03 


OH O 

.0*0. 


91 




OSIMe, 




Yb(OTf)3 


OH O 


93 


51 


OSiMft, 




Yb(OTl}3 


OH O 




52 


/~\ OStMe, 
\ / 


CI-(V CHO 


Vb(OTr>3 


OH 0 


89 


53 


osiMej 


MeO CHO 


Yb(OTf)3 


OH 0 


77 




OSIMe, 




Yb(OTf)3 


OH O 


90 




OSlMe, 




YWOT03 


OH O 


79 


56 


OSiMe 3 

<^ 


CHjCHO 


Gd(OTf)3 


OH 0 


93 


57 


OSiMe 3 

dr 


\CHO 


Gd(OTf)3 


OH O 


K2 


58 


OSiMe 3 


CI v CHO 


YbCOT03 


OH 0 


95 


59 


0 s 


CI v CHO 


Yb(OTf)3 


OH O 


67 



(ft) Tf tt-S0*.CE-3**t. 
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[Table 10] 
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mm 












60 




o 

y=^ CHO HjO 

vi 


Yb(OTf)3 


ifS OH 0 

o 1 l^J 


67 


61 


O 


OH 
g V CHO 


Lu(OTf)3 


OH OH O 


81 


62 


OSiMej 


OCHO 


Lu(OTf)3 


OHO 


87 






0 




MeOOC OHO 

Cm) 


68 


64 


OSIMej 


0 

o , 


Yb(OTf)3 


MeOOC OHO 


79 


(ft) T f it- f 


;o»CFat*-*-. 
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[Table 11] 
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mmm msa*-? tka?- ?nm*.tt cm^it^m) 



OH 0 Chen. Phurn. Bait., 98(6). 1500-1512(1980) 



-^6 



50. OH 0 Chen. Lett.. 1535(1985) 



51. OH 0- Cliei. PhariD. Bull., 38(6). 1509-1512(1000) 



Ph-AyA-Ph 



OH o n± 



JOlt> 



53, oh o mi. 



4. OH 0 



Il(nett): 3464, 1703ci-'; 

" . «MR(CDC1 a ) 6 : 0. 90 ( t, 3H, J = 7. 26H l ) , 1. 23-2. 50(n, 
13HL 2. 60 3. OQIirS, 1H), 4.43-4.51(0. 1H), 5.43 
-5.31(11, 1H). 5.53-5.74(0, 1H); 
C-NHR(CDCla) S : 13. 6, 22.2, 24. 7, 27. 3, 27. 5, 
34. 3, 42. S, 55.6, 70.8, 129.2, 132. 6. 2U.4; 



I R ( neat } : 3458, 1705cm-'; 

l H-«MH(Ct>Cl , ) $ : 0.90-1.15(11, 6H), 1. 53-1. 91 (m. 

H), 2. 35-2. 94(«. 6H). 3. 63-3. 63 [b, lH(satl)]. 

3. 90-3. 93 [n. lH(syn)]. 7. 17-7. 30<n. 5H> ; 
1J C-NMR(COCI s )<J : 7.5, 10. 1, 32. Z. 49.9. 70.4, 

125.8, 128. 4, 141.8, 216. 5(s)m> , 7.4. 14.1, 

31.9, 61. 0, 73.0, 125.8, 128.3, 141. 9, 

216. 7(inti) 



[0048] 

[Table 12] 
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i. un uti u 



[0049] 
[Table 13] 



lKnett): 3460, 16T««r'; 

' B-NMR (CDC 1 j ) 8 : 1.21-1. 29{a, 3H), 2.95[brs. r 1H( 
anil)], 3.1B[9rs., IHCsfb]]. 3.38-3.54(0, 1H), 
4.06-4. 16[p, lHUnti)]; 4.20-4. 29 [a, lH(syn)], 
7.44-7, 62{m, 3H), 7. 93-7. BG(n, 21); 

"C-NHJMCDCMd : 11.2, 2B. 3, 45. 8, 67.4, 128.4, 
128.7. 133.4. 135.9. 205.8{syiO: 15.2, 20.7. 
47. 7, 69. 8, 128.3, 128:8, 183.8, 136.5. 
305, 3<nti>; 



l-NMRCCDCh) 8 : i.22[d. SBUnti), J = 7. 2BHs ), 1.2 
6[d, aH(syn), J-6.83H«), 3.01[brs., 1HU«U)]. 
3.23[brs., lH(syn)], 3,50-3. 66(«, 1H). 4.38-4.4 
3[n, lH(anti)], 4.58-4. 60 [l, lH(ijn>], 5.17-5.4 
0(m, 2H), 5.82-5.99(11, tH), 7. 43-7. 81 (n, 3H), 7, 
90-7. 9T(n, 2H) ; 



[Knelt): 3423, 1976cm-'; 

"B-HMBCCDCl.) 8 : 1 . 27-1. 32 (a, 3H), 3.16[brs., 1H>, 
a.Bl-3. «a<n, 1H), i. 11-4. mm. HUnti)]. 4.22- 
4.2B[«, lH(syil)l, 7. 46-7.63 (01, 3D, 7.85-8.00 



lineal): 3454, 1378ci-'; 

1 H KWR(C.DCI a ) S : 3. 29-3. 32 (dd. 2Hi, 3.49(br8., 
1H), 8. 69-3. 71 (Id, 2H), 4. 44-4. 52<n, 1K>, 7.46- 
7.68<n, 8H), 7.95-7. 98(11. 2H> ; 

'•C-HlfHCMlgX : 42. 0,. 48.8, 67.8, 128.1. 128.7, 
133.3, 136. 4, 199.4; 



IKaett); 3462, 1882, lSTBeii -1 ; 

> H-NURCCDC 1 . > & : 1. 12(d, 31, J=7. 26Hj), 3.74(d, 1 
H. J=B. 27Hi). 3.79-3.88(11. 1H), 5.47(dd, Jfl) : 

"C-HMR(CDCl s )a : 10.4, 44. 7, 73.5, 128.2. 128. 5. 
128.8, 128. 9, 133. 1, 134.0, 200.3, 201.4; 



mUeat): 3332, 18T0cm 

1 H-HMR (CDC 1 j ) Si 1.03[d, SHUnti). J = 7.2BHi], 1.3 
Old, a«(sya). J--7.25Hz>. 3. 73-3. 82 [m, lH(aiitl)], 
4.00-4. U[ii. lHUyn)]. 4.82(brs.. 1H). 5.11[d. 
lH(antl), J=8.80Hz], 5.39Ed. IH(sya), J=3,30H!], 
8.79-7.flS(o, 7H), 7. 90-7. S9(n, 211), 3. 13 [brs. . 
llKayn «i antl)], 8,77[irs.. IHUyn or nil)]; 
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'H-NMRf CDC I s > 5: 1. 16(d. 3H, J-7. 26Hz), 4.04-4.13 

(m, ID), 4.23(brs., 1H), 5. 23U, IB, J = 3.98Hi). 

7. 15-7. 19Cn. 1H). 7. 42-7. 70(n. 5E), 7.96U. ZH. 

J=7. 59K1), 8. 53-8. 55(B, 1H); 
,3 C-NHR(CKC1 3 ) S : 11. 6, 46.2, 73. 7, 121.3, 132.3. 

128.5, 128. 6. 133. 3. 135.8, 138.6, 148.5, 160. 6. 

205. 1 : 



63. MeOOC OH 0 'a-NMRCCDCI.) 8: 1.04(d. 3B, J=7. 5»Hi), 3.64<s, 3 
>Ci H). 4.3B(q., 1H). 5.12(s. 1H), 7. 33-7. 69(«. 8H). 

Ph I^Pil 8.02<fl, 2H, J = 7.2SH«>; 

,I C-NMR<CJC1 S ) 8 : 12. 1, 48. 1. 52.8, 80. 3, 125.0, 
127.9, 128.4, 128.6, 138.8, 133.8, 135.3. 138. 8, 
175.1. 207. 2; 



64. lieOQC OH 0 'H-NMR(CDC1 j) S ; 1.82[d, lH(»nti>, J = 7.26Hi], 1.3 
>C JL 3[d, lHUyn). J=7.59HiL 1.461s, 3H(syn)]. 1.50 

X T^PI) Es, 3H(ilitl)], 3.63[s. 3J<S¥ii)], 3.81[s, 3H(tnt 
i)L 3. 88-4. Ol<n, 1H). 4.06<g. IKmtDK 4.32 
Is, !H(«yn)], 7. 46-7. 63(», 3M). 7. 92-7. 9» {a. 2H) ; 
1 "C-tlURCCDCI.J 8 ■ 11.8. 23.4. 46. 1, 52.4. 75.9. 17 
6.7. Z06.2(8yn); 14.1, 25.1, 47.9, 52. 8, 76. 1, 
175.5, 203. G<ftn t i > j 
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[Table 14] 


No. 




{%) 


65 




10.0 


66 




10.0 


67 




5.0 


68 




56.0 



[0051] 
[Table 15] 



62. OH C 



-21- 



No. 


Ln(OTf)3 


(%) 


69 


La(OTf)3 


8.0 


70 


Pr(OTf)3 


28.0 


71 


Nd(OTf)3 


83.0 


72 


Sm(OTf)3 


46.0 


73 


Eu(OT()3 


34.0 


74 


Gd(OTf)3 


89.0 


75 


Dy(OTf)3 


73.0 


76 


Ho(OTf)3 


47.0 


77 


Er(OTf)3 


52.0 


78 


Tm(OT03 


20.0 


79 


Lu(OT03 


88.0 


<«0 


T f li-SOaC F3*fti 



[0052] 

[Effect of the Invention] this invention method enables application of the high alternative aldol 
condensation reaction developed in recent years about the extensive carbonyl compound which 
also contains difficult formaldehyde in the former. 

The catalysts used in that case can be collected easily, a reuse can be carried out, and practical 
value is industrially large. 
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